Abstract: This study investigated the putative protective effects of supplemental 2-aminoethane sulfonic acid (taurine) and reduced housing density on renal function in laying hens. We randomly assigned fifteen thousand green-shell laying hens into three groups: a free range group, a low-density caged group, and a high-density caged group. Each group was further divided equally into a control group (C) and a taurine treatment group (T). After 15 d, we analyzed histological changes in kidney cells, inflammatory mediator levels, oxidation and anti-oxidation levels. Experimental data revealed taurine supplementation, and rearing free range or in low-density housing can lessen morphological renal damage, inflammatory mediator levels, and oxidation levels and increase anti-oxidation levels. Our data demonstrate that taurine supplementation and a reduction in housing density can ameliorate renal impairment, increase productivity, enhance health, and promote welfare in laying hens.
Introduction
The domestic chicken raised for meat and eggs, is an important source of animal protein for human consumption (Wicker et al., 2005) . A high-density caged environment is one of the most common and economical systems employed by the commercial layer industry (Davis et al., 2000) . Associated with the economic success of this system are a number of health problems, including renomegaly, hepatic lipidosis, osteoporosis, cage layer fatigue, ascites, lameness, and inflammation (Burt, 2002; Robins and Phillips, 2011; Buijs et al., 2012; Dai et al., 2015; Yan, 2015) .
The kidneys play an important role in various homeostatic functions via maintenance of salt and water balance, including the regulation of electrolytes, blood pressure and the maintenance of the acid-base balance (Dawson et al., 1991; Atherton, 2006; Mozaffari et al., 2006) . Unlike those of mammals, the kidneys of birds usually secrete uric acid as the primary nitrogenous waste material instead of urea. The nephrons of birds have limited resorptive capacity, and the final excretory product is semi-solid rather than liquid (Dawson et al., 1991) . This works for an ovigenic and volant life, but predisposes birds who lack exercise to progressive obstruction of the renal tubules and ureters, resulting in compensatory hypertrophy of the undamaged portions of the kidneys which is grossly recognized as renomegaly. The condition is common in caged laying hens fed high-protein diets. This regimen eventually causes oxidative, lipid metabolism disorders, and release of proinflammatory cytokines which cause renal impairment. Maintaining normal renal function is key to preserving the health, welfare, and economic sustainability of caged laying hens.
A considerable volume of research has demonstrated that nutritional regulation and exercise can ameliorate renal disease in humans. For example, dietary intake of foods rich in antioxidants can reduce the risk of renal dysfunction (Singh et al., 2006) . Moinuddin and Leehey (2008) have shown that glomerular filtration rate in chronic kidney disease (CKD) could be stimulated by the increase of aerobic exercise. Toyama et al. (2010) suggested a potential link between regular exercise and improved renal function. We postulate that dietary supplementation with 2-aminoethane sulfonic acid (taurine) combined with enhanced physical activity as a result of reduced housing density could improve renal impairment in laying hens.
Taurine, abundant in most animal tissues, is essential in lots of biological processes (Kadam and Prabhasankar, 2010) . Although taurine can be synthesized from endogenous production, the yield is usually inadequate, and thus dietary consumption of taurine is necessary (Kadam and Prabhasankar, 2010) . It has been demonstrated that taurine deficiency can lead to renal dysfunction, cardiomyopathy, developmental abnormalities, and severe damage to retinal neurons (Chesney et al., 2010; Gaucher et al., 2012) . The influence of taurine on renal physiology includes renal blood flow, glomerular filtration and its rate, osmoregulation, ion reabsorption and secretion, and composition of urine, among others (Chesney et al., 2010) . In our experiments, we looked into the putative positive influence of taurine and reduced housing density (increasing physical activity) on renal impairment, thus enhancing health, welfare, and productivity.
Materials and methods

Ethics statement
These experiments followed the guidelines of the Animal Ethics Committee of Nanjing Agricultural University (China). The procedures were compiled from the "Guidelines on Ethical Treatment of Ex- 
Animals
Fifteen thousand green-shell laying hens were reared in the Nanjing Jinshuiwan Ecological Park (Nanjing, China). During brooding, they were reared in a shed. At 12 weeks old, they were randomly assigned to three groups: a free range group, a lowdensity caged group, and a high-density caged group. Each group was further divided into two subgroups for control treatment (C group) or taurine treatment (T group) (2500 hens per group). Thus, there were six groups in total, free range (+/− taurine), low density (+/− taurine), and high density (+/− taurine). The free range group was kept in two pens, one for each of the C and T groups. The high-density group consisted of five thousand hens allocated to 1666 cages, giving three hens per cage (but only two in a small cage to make sure each hen had a minimum of 351 cm 2 ); the low-density groups were allocated to 2500 cages with two hens per cage (526 cm 2 per hen). The cages/pens were the experimental units. The caged hens were under artificial lighting at temperature of (20±3) °C and humidity of (50±3)%. The free range group was housed in pastured woods during daylight and confined to indoor pens at night. All hens were water free. Dietary nutrient quantity (Table 1) was according to the recommendations of National Research Council (NRC) (1994).
Treatment
Laying hens in each group were fed the same basic diet. After 9 weeks (21 weeks old), the treatment groups were fed a 0.1% taurine diet. Fifteen days later, 10 hens in each group were humanely euthanized. Serum and kidney tissue were aseptically collected. Kidney tissue was immersed in Bouin's fixative and serum was stored at −80 °C until analyzed.
Preparation of kidney tissue and serum
Kidney samples were first weighed and homogenized with sterile physiological saline (1:4, w/v) on ice (Kinematica AG, Switzerland); the mixture was then centrifuged at 4 °C (2000g, 40 min). The supernatant was collected without fat and stored at −20 °C. The concentration of protein was determined by the Bradford method. Serum was centrifuged (2000g, 15 min), and the supernatant was further collected and stored at −20 °C.
Clinical and histologic examination
The morphology of the kidneys was observed before the tissue was collected. Tissue specimens were fixed in Bouin's solution for 24 h. Tissue blocks were produced via standard dehydration and paraffinwax embedding procedures and then cut into 5-μm-thick serial sections. After deparaffinization and dehydration, hematoxylin and eosin (H & E) stained slides were prepared through standard methods.
Quantification of SCr, BUN, SUA, NAG, GLU and iNOs
The levels of serum creatinine (SCr), blood urea nitrogen (BUN), serum uric acid (SUA), blood glucose (GLU) and the activities of serum N-acetyl-β-D-glucosaminidase (NAG) and inducible nitric oxide synthase (iNOs) were evaluated using commercial kits from Nanjing Jiancheng Bioengineering Institute (Nanjing, China).
The concentrations of plasma creatinine were measured by the tungstenic acid deproteinized method. The values were calculated from the absorption of the test sample divided by the absorption of the standard sample multiplied by the SCr content of the standard sample expressed as μmol/L. BUN levels were determined using a standard diagnostic kit and expressed as mmol/L. The levels of SUA were determined by the phosphotungstic acid method and expressed as μmol/L. The definition of NAG enzyme activity (U) was the hydrolysis of 1 μmol p-nitrophenol per minute from a 1-L reaction sample (37 °C).
GLU levels in serum were evaluated using the glucose oxidase method. Briefly, serum (2 μl) and pre-processing working fluid (200 μl) were mixed and heated for 15 min (37 °C) and absorbance measured at 505 nm. Serum GLU was calculated by the absorption of the test sample divided by the absorption of the standard sample multiplied by the glucose content of the standard sample and expressed as mmol/L. iNOs activity in kidney homogenates was evaluated. Briefly, the sample was incubated with 0.6 ml of reaction buffer (5 mmol/L MgCl 2 , 250 mmol/L L-valine, 0.2 mol/L phosphate buffered saline (PBS), 480 µmol/L oxyhemoglobin, and 30 mmol/L nicotinamide adenine dinucleotide phosphate (NADPH)), combined with an iNOs inhibitor (6 mmol/L ethylene glycol tetraacetic acid (EGTA)). After 15 min, the reaction was terminated with 10 mmol/L ethylene diamine tetraacetic acid (EDTA) and 10 mmol/L 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer at 37 °C. The colored compound was photometrically measured at a wavelength of 530 nm. iNOs activity was evaluated and expressed as U/g protein (kidney tissue).
Analyses of T-AOC, SOD, and MDA
The activities of superoxide dismutase (SOD) and levels of total anti-oxidation capability (T-AOC), and malondialdehyde (MDA) in kidney homogenate were assayed using commercial kits from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). The data were evaluated following the manufacturer's protocols. Briefly, the T-AOC of the reaction mixture was measured at 37 °C every minute through the absorbance at 520 nm per mg protein and expressed as U/mg protein. The definition of SOD activity was the amount that reduced the absorbance by 50% at 
Electrophoretic mobility shift assay (EMSA)
The nuclear factor (NF)-κB probe with a sequence of 5'-AGT TGA GGG GAC TTT CCC AGG C-biotin-3' was used as a probe, which was labeled by the Biotin labeling kit (Pierce, Rockford, IL, USA). The labeled probe and 15 μg of nuclear extract were mixed in the binding buffer until a volume of 20 μl was reached at room temperature. After incubation for 30 min, the sample was gently mixed with loading buffer. The samples were loaded onto a 5% nondenaturing polyacrylamide gel with 0.5× Tris-borate/ EDTA (TBE) on ice and electrophoresis at 80 V. Then the proteins in the gel were transferred to a nylon membrane (Millipore, Bedford, MA, USA), and DNA was cross-linked to the membrane for 10 min by a ultraviolet (UV)-light. According the manufacturer's protocols, binding DNA was detected by enhanced chemiluminescence (Pierce, USA) and quantified by scanning densitometry (Genomic Solutions, Ann Arbor, MI, USA). The results for the binding activity between NF-κB and DNA were expressed as relative integrated intensity contrasted with the free range control group (defined as standard).
RNA extraction and reverse transcriptionpolymerase chain reaction (RT-PCR)
2.9.1 RNA extraction Total RNA was isolated using the TRIzol reagent (TaKaRa, Dalian, China). The concentration was determined by UV-visible (UV-vis) absorbance at a wavelength of 260 nm (Eppendorf Biophotometer).
Real-time quantitative RT-PCR
Reverse transcriptase was performed using the RNA (2 μg). Ten units avian myeloblastosis virus (AMV) reverse transcriptase, 20 U recombinant RNasin ribonuclease inhibitor, 1 mmol/L dNTP mixture, and 50 pmol Oligo(dT) 18 primer were added into the reaction tube until the final volume reached 20 μl. The reaction tube was incubated at 42 °C for 1 h and then heated at 95 °C for 5 min. An aliquot of the complementary DNA was mixed with 25 μl SYBR ® Green PCR Master Mix (TaKaRa, Dalian, China) in the presence of 10 pmol forward and reverse primers for tumor necrosis factor (TNF)-α, interferon (IFN)-γ, interleukin (IL)-4, IL-10, and peroxisome proliferator receptor-α (PPAR-α) (Table 2), which was subjected to PCR under standard conditions (43 cycles). The RT products were added to PCR in the presence of the primers specific for chicken β-actin as an internal control. All sequences of the primers were synthesized by the Invitrogen Biological Company (Shanghai, China). All samples were analyzed in an ABI Prism 7300 Sequence Detection System (Applied Biosystems, Weiterstadt, Germany), which was programmed as follows: one cycle at 95 °C for 10 min, 43 cycles at 95 °C for 15 s, and 62 °C for 1 min. The results were expressed as in this previous report (Miao et al., 2013) .
Detection of TNF-α levels by ELISA
Renal tissue levels of TNF-α were measured by enzyme-linked immunosorbent assay (ELISA) kits (Beijing Rigorbio Science Development Company, Beijing, China; http://www.bt-laboratory.com/productlist. asp?id=25858). The renal tissue was taken out of the fridge at 2-8 °C and left for 30 min at ambient temperature before use. Briefly, prepared standards (50 μl) were reacted for 60 min at 37 °C with corresponding antibodies (40 μl) labeled with enzyme (10 μl) and washed 5 times. Then chromogen solutions A (50 μl) and B (50 μl) were added to each well and mixed gently and incubated for 10 min at 37 °C in the dark. The reaction was stopped using stop solution (50 μl) in each well and the optical density (OD) measured at a wavelength of 450 nm within 10 min. The standard linear regression equation was calculated from the relationship between the standard concentrations and the corresponding OD values. Based on the regression equation, the concentration of the corresponding samples could be calculated. The concentrations of TNF-α were expressed as ng/g protein.
Statistical analyses
All statistical data analyses were computed using statistical software SPSS 17.0. Data were presented as single points with mean±standard error of mean (SEM). Differences were considered significant at the value of P<0.05.
Results
Clinical and histologic examination
The clinical pictures show irregular hypertrophy of the kidneys in the high-density housing C group (Fig. 1a) . In the free range group, the kidneys were normal in both C and T groups (Figs. 1b and 1c) .
In the free range C group, kidney structures were normal with intact tubules, and have no histological abnormalities, apoptosis, necrosis, or infiltration of inflammatory cells. In the high-density housing C group, tubules were ectatic. In the low-density housing C group, there were very few dilated tubules (Fig. 2a) .
Dietary taurine supplementation ameliorated renal lesions, especially in the high-density housing T group. In low-density housing groups, the histological renal structures were similar to those in controls (Fig. 2b) .
Changes in SCr, BUN, SUA, and NAG
The difference in SCr content between the C and T groups was not statistically significant. In the highdensity housing group, SCr content drastically decreased in the T group compared with the C group (P<0.05; Fig. 3a) . BUN in the free range group was lower than that in the low-and high-density housing control groups (P<0.05). BUN levels between the free range and high-density T groups had a similar trend (P<0.05). BUN concentration in the T groups was reduced compared with the C groups (Fig. 3b) . In the C groups, SUA in the high-density housing group was significantly higher than that in the free range and low-density housing groups (P<0.05), but there was very little difference between the T groups. In the high-density housing group supplemented with taurine, there was a significantly decreased SUA content (P<0.05; Fig. 3c ). Serum NAG activity in the free range group was markedly lower than that in the low-density and high-density housing C and T groups (P<0.05). Moreover, in C groups, serum NAG activity in the low-density housing group markedly declined compared to the high-density housing group (P<0.05). Taurine markedly decreased the activity of serum NAG in the high-density housing group (P<0.05; Fig. 3d ). 
Blood glucose analysis
In the C group, the concentration of serum GLU in the high-density housing group was higher than that in the free range (P<0.05). In the T groups, there was nearly no difference. Relative to C, there was a significant reduction in the high-density housing T group (P<0.05; Fig. 3e ).
SOD activity, T-AOC and MDA levels in kidney
Relative to C, MDA levels in T decreased (Fig. 4a) . SOD activities in the free range group were higher than those in the low-density and high-density housing groups. In the C groups, SOD activities in the free range and low-density housing groups were higher Free range Low-density High-density Free range Low-density High-density Free range Low-density High-density Free range Low-density High-density 
Fig. 4 Changes in SOD activity, T-AOC and MDA levels in the kidney
Kidneys were collected and SOD (b) activity, MDA (a) and T-AOC (c) levels were determined using commercial kits. Data are presented as the mean±SEM (n=10). Superscripts not sharing a common letter differ significantly (small letter for control groups) at P<0.05
Free range Low-density High-density Free range Low-density High-density Free range Low-density High-density than those in the high-density housing group (P<0.05).
Relative to C, SOD activity had an increasing trend, although there was no significant variability (Fig. 4b) . Compared to C, T-AOC levels in T increased (Fig. 4c) .
Effects of taurine and rearing modes on NF-κB DNA binding activity in kidney
The binding activities between NF-κB and DNA in the low-density and high-density housing groups increased significantly compared to the free range C group (P<0.05). In the T groups, there was a marked elevation in the high-density housing group in contrast to the free range and low-density housing groups (P<0.05). Taurine significantly decreased the binding activity between NF-κB and DNA in the low-density housing group (P<0.05; Fig. 5b ).
Renal expressions of TNF-α, IFN-γ, IL-4, IL-10, and PPAR-α mRNA
Compared with the free range and low-density housing groups, the mRNA expression of TNF-α in the high-density housing C group increased significantly (P<0.05). Significant increases were also observed in the low-density and high-density housing groups compared to the free range group (P<0.05). Taurine reduced the expression of TNF-α mRNA in the free range and high-density housing groups significantly (P<0.05; Fig. 6a ). In the high-density housing group, IFN-γ mRNA expression increased significantly compared with the free range and lowdensity housing C groups (P<0.05). The changes in T groups were not significant. Taurine supplementation markedly decreased IFN-γ mRNA expression in each rearing pattern (P<0.05; Fig. 6b ). IL-4 mRNA expression peaked in the high-density housing C groups (P<0.05). There was no significant variability in the T groups. Taurine significantly reduced IL-4 mRNA expression in the different rearing patterns (P<0.05; Fig. 6c ). In the high-density housing groups, IL-10 mRNA expression increased significantly compared with the free range and low-density housing C and T groups (P<0.05). Marked differences were present in the low-density and high-density housing groups (P<0.05; Fig. 6d ). No significant differences were found in the C groups in PPAR-α mRNA expression. In the T groups, PPAR-α mRNA expression in the free range group was higher than that in the highdensity housing group (P<0.05). Relative to C, significant elevation was found in the low-density housing group (P<0.05; Fig. 6e ).
Changes in renal iNOs activity
Renal iNOs activity in the high-density housing group increased significantly compared to the free range and low-density housing C and T groups (P<0.05). No significant difference was found between C and T in each rearing pattern (Fig. 7a) .
Changes in renal TNF-α levels
TNF-α level did not change in the C groups. TNF-α level in the free range group was lower than that in the low-density and high-density housing T groups (P<0.05). No significant differences were found between the C and T groups in the same rearing pattern (Fig. 7b) . 
Discussion
The special function of kidney in birds leads to compensatory hypertrophy of the undamaged portions of the kidneys, which is grossly recognized as renomegaly. Renomegaly has been the most common disease in caged domestic chicken (Burt, 2002; Robins and Phillips, 2011; Buijs et al., 2012) . In our experiments, renal tubules had morphologic lesions in groups raised in high-density conditions compared with the free range and low-density housing groups. Taurine supplementation ameliorated these lesions. This indicates that renal function in the high-density rearing pattern was impaired and taurine plays a protective role in reducing tissue damage. In clinical practice, SCr, BUN, and NAG levels/ activity are commonly used to assess renal function (Hu et al., 2009; Wang et al., 2011) . We found that the concentrations of SCr and BUN, and NAG activity were higher in hens with histologic evidence of nephropathy (Wang et al., 2011) . SCr and BUN concentrations and NAG activity in high-density housing groups were higher than those in the free range and low-density housing groups. Treatment with taurine prevented the elevation of these parameters. The higher levels of SCr, BUN, and NAG indicated that renal function was impaired in the high-density housing group. Low-density and free range housing groups and those groups with taurine supplementation had lower values. Lower BUN levels indicate better renal function and fewer kidney lesions in animal models and birds . Consequently, kidney structure and function in the low-density housing and free range groups and those groups administrated with taurine indicate that taurine supplementation and uncrowded housing are palliative. The biochemical and histologic findings reinforce each other.
Many human conditions, such as gouty arthritis, metabolic syndrome, insulin resistance, kidney stones, and cardiovascular disease, are caused by excessive plasma urate (Cirillo et al., 2006; Nakagawa et al., 2006) . The balance of production and excretion is indispensable for the control of blood urate. In the current study, we observed a decrease in uric acid concentration in serum with a reduction in housing density; taurine supplementation brought it down further. This suggests that reduced housing density and taurine can protect renal structure and function. GLU metabolism is also related to renal function. A high concentration of GLU increases kidney load, and excessive, long loads result in functional impairment (Lin et al., 2010) . In our study, fasting GLU concentration was significantly elevated in high-density housing C groups. Taurine decreased the GLU concentration, especially in the high-density group. Lin et al. (2010) demonstrated that taurine effectively reduced GLU, preventing the development and occurrence of diabetic nephropathy. Kidney load in the free range and low-density housing groups was lower, indicating that taurine diminished the load.
It has been proved that many human diseases are related to high levels of oxidative stress and the overproduction of reactive oxygen species, such as cardiovascular disease, diabetes-induced renal injury, and enhanced lipid peroxidation (Kaneko et al., 2007; Hamden et al., 2009) . In many studies, taurine was used to protect cells from oxidative damage and reduce apoptosis (Lakshmi Devi and Anuradha, 2010; . Many articles have shown that oxidative stress has a negative influence on polycystic kidney disease (Rodrigo and Rivera, 2002) . How taurine affects the oxidation and antioxidant levels of kidney is an important outcome of our study. T-AOC levels reflect the efficacy of free radical scavenging. The redox balance of the intracellular environment is regulated by a series of antioxidant systems. SOD is one of the main antioxidant enzymes and can catalyze O 2− disproportionately into H 2 O 2 and O 2 . Reduction of SOD activity may increase peroxide which is followed by changes in molecular structure resulting in cell destruction (Tian et al., 2011) . The results from the current study show that taurine supplementation may increase SOD activity and T-AOC levels in kidney tissue in three poultry rearing systems. SOD activity and T-AOC levels among high-density housed birds were lower than those in free range and low-density housed groups.
The common index for evaluating oxidative stress is MDA (Parikh et al., 2003; Wu et al., 2012) . In the present study, MDA levels decreased in the taurine treatment groups, and MDA levels in the kidneys of birds reared in high-density housing were higher than those in free range birds or those reared at low densities. The data show that dietary taurine supplementation and reduced housing density could reduce oxidative stress and enhance antioxidant levels, thus protecting kidneys from oxidative damage.
Inflammatory disease is also influenced by an excess of reactive oxygen species (Hanna et al., 2004) . Appropriate inflammation can protect the body against viruses and other unfavorable factors (Keller et al., 2011) , but excessive levels of inflammation are associated with increasing severity of CKD in human patients (Al-Saady et al., 1999; Oberg et al., 2004) . We speculated that renal impairment in laying hens resulted from an increase in inflammation. Therefore, we assayed renal inflammatory mediator levels. NF-κB, a constitutively expressed transcription factor, plays a central role in regulating the response to stress. Classically, the NF-κB-mediated signaling pathway has been considered both proinflammatory and antiapoptotic and has been associated with the pathogenesis of a wide variety of diseases, including inflammatory disorders and tumorigenesis (Baker et al., 2011; He and Karin, 2011) . Activated NF-κB is an important factor in upregulation of pro-inflammatory cytokines (Chowdhry et al., 2010 ). In the current study, we assayed NF-κB DNA binding in kidney. The data show that taurine down-regulated NF-κB DNA binding. Moreover, NF-κB DNA binding activity in the free range and low-density housing groups was lower than that in the high-density housing group. It appears that suppression of the inflammatory reaction, as reflected by NF-κB, is attributable to taurine supplementation and reduced housing density. Our results are supported by a previous study showing that taurine can inhibit NF-κB activation (Sun et al., 2012) . Treatment with taurine and reducing housing density down-regulates NF-κB and inhibits the expression of the NF-κB-driven inflammatory mediators.
NF-κB regulates the syntheses of TNF-α, IL-1β, iNOs, and other mediators (Kumar et al., 2004; Ridder and Schwaninger, 2009 ). We assayed TNF-α level, mRNA expression, and iNOs activity in kidney tissue. Not all these factors changed significantly in all groups. We found TNF-α level, mRNA expression, and iNOs activity in renal tissue increased in the high-density housing group in comparison to the free range and low-density housing groups. Inflammatory mediators from the low-density housing and free range groups were lower and we conclude that decreasing rearing density is, in part, responsible for this phenomenon. Dietary taurine decreased TNF-α mRNA expression and the activity of iNOs in kidney. These results are in agreement with and demonstrate that taurine supplementation attenuates renal inflammation.
The status of the immune system is an important measure in evaluating health and welfare. CD4 + T helper (Th) lymphocytes are integral for an effective immune response. On the basis of their distinct cytokine profiles, CD4 + T cells have been classified into two major types, Th1 and Th2 (Crews et al., 2006; Miao et al., 2009) . INF-γ is one of the main proinflammatory Th1 cytokines (Abbas et al., 1996) . The present study documents that INF-γ levels and mRNA expression in kidneys were elevated most in the high-density housing group. Laying hens housed in low-density and free range conditions had lower Th1 cytokine levels. Taurine supplementation decreased renal INF-γ mRNA expression. Since taurine has been shown to suppress Th1-type immunity (Wirleitner et al., 2004) , these data indicate that low-density housing and taurine supplementation may inhibit the overexpression of Th1 cytokines in laying hens.
IL-4 and IL-10 are the main anti-inflammatory cytokines and are a reflection of renal Th2 cytokines (Abbas et al., 1996) . In the current study, IL-4 and IL-10 mRNA expressions in renal tissue were higher in the high-density housing group and lower in the low-density and free range housing groups. Dietary taurine supplementation lowered mRNA expression and IL-4 and IL-10 levels. As a result of the current study, we believe that reducing rearing density and supplementing the birds with dietary taurine may protect the kidney against damage by enhancing the immune defense system. PPAR-α regulates both lipid metabolism and inflammation (Guan and Breyer, 2001 ). The activation of PPAR-α significantly decreases triglycerides and appropriately reduces total cholesterol and lowdensity lipoprotein (LDL) levels, and elevates highdensity lipoprotein (HDL) levels (Ansquer et al., 2009 ). In the current study, PPAR-α mRNA expression in the free range group was higher than that in the high-density group. Taurine up-regulated the expression of PPAR-α mRNA in renal tissue. This suggests that kidneys in the free range and taurine treatment groups were better protected.
In conclusion, the impairment of kidney function in the high-density housing group may be because of a combination of the inflammatory cascade and oxidative stress (Rouach et al., 1997; Rodrigo and Rivera, 2002; Deiana et al., 2008; Keller et al., 2011) . Our data show that low-density and free range rearing as well as dietary supplementation with taurine can ameliorate the impairment of kidney function by decreasing inflammation, augmenting the immune system, and alleviating oxidative stress. Here, dietary taurine can be used to protect renal function, enhance health, and promote the welfare and productivity of laying hens in the commercial poultry industry, so can reduced housing density.
